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MOBILE TEST FIXTURE SYSTEM FOR USE IN A THERMAL VACUUM FACILITY 

ABSTRACT 

CBI cons t ruc t ed  a turnkey  t h e r m a l  vacuum fac i l i ty  f o r  Rockwell  Internat ional .  A key  
component  of t h i s  f ac i l i t y  is a mobile  test f ix tu re  sys t em which al lows product ion l ine  
type  t e s t ing  of Navs ta r  sa te l l i t es .  F ive  major  subsys tems a r e  i n t e g r a t e d  i n t o  t h e  
mobile  test f i x t u r e  concep t  which minimizes  tu rn  a round t i m e  be tween  tests. All 
s p a c e c r a f t  i n t rumen ta t ion ,  wir ing and  compute r  a ided checkou t  i s  pe r fo rmed  outs ide  
of t h e  c h a m b e r  while  o t h e r  s a t e l l i t e s  a r e  under  t h e r m a l  vacuum test within t h e  
chamber .  The  sys t em is cu r ren t ly  in  use  per forming  as expec ted .  

INTRODUCTION 

Rockwell  In te rna t iona l  was awarded  a c o n t r a c t  to provide 28 Navs ta r  s a t e l l i t e s  in t h e  
f ina l  phase  of t h e  Navs ta r  program. T h e  del ivery schedule  is such  t h a t  o n e  l a r g e  
the rma l  vacuum fac i l i t y  i s  required wi th  a very  high d e g r e e  of ut i l izat ion.  O n e  of t h e  
key componen t s  of t h e  fac i l i ty ,  t o  minimize  s p a c e c r a f t  t u rn  a round t ime ,  i s  t h e  mob i l e  
test f i x t u r e  and  t r anspor t e r  sys tem as spec i f ied  by Rockwell  and  designed a n d  
cons t ruc t ed  by CBI. This  paper  descr ibes  a sys t em which i n t e g r a t e s  f i v e  ma jo r  
subsys tems including t h e  t ranspor te rs ,  mult iplexers ,  a the rma l  shrouded test f ix tu re ,  a 
t h e r m a l  isolat ion sys t em and  a n  in t e rna l  u t i l i ty  dis t r ibut ion sys t em in to  a mobile  test 
f i x t u r e  sys tem.  See Fig. 1 a n d  Fig. 2. 

This  concep t  a l lows t h e  s p a c e c r a f t  to be mounted  on  t h e  test f i x t u r e  outs ide  of t h e  
chamber .  Ins t rumenta t ion  and  compute r  checkou t  of t h e  s p a c e c r a f t  a n d  i t s  
i n s t rumen ta t ion  i s  accompl ished  at th i s  s ta t ion .  The  s p a c e c r a f t ,  which i s  s t i l l  m a t e d  
to t h e  test f ix tu re ,  is t h e n  moved in to  t h e  chamber  using a n  a i r  t r anspor t e r  sys t em.  
T h e  s p a c e c r a f t  t hen  requi res  t h e  connec t ion  of only t w o  plug-in in s t rumen ta t ion  cables  
and  a minimum of o t h e r  ut i l i t ies  prior to t h e  start of t he rma l  vacuum test ing.  No 
ve r t i ca l  l i f t s  o r  rehandl ing of t h e  s a t e l l i t e  a r e  requi red  a f t e r  a t t a c h m e n t  to t h e  test 
f i x t u r e  in t h e  assembly area. 

TRANSPORTER 

T h e  c h a m b e r  has  a t r u n c a t e d  door  which e l imina te s  a p i t  and  o t h e r  f loor  
discont inui t ies  t h u s  maximiz ing  t h e  useable  f loor  s p a c e  a round t h e  chamber  as shown 
i n  Fig. 3. The  absence  of a door pi t  o r  s lo t  a l so  e l imina te s  t h e  need  fo r  a p i t  e l e v a t o r  
or bridge. T h e  use of a t r u n c a t e d  door ,  however ,  r e su l t s  in a n ine  inch  s t e p  u p  i n t o  
t h e  chamber .  This  e leva t ion  change  i s  a c c o m m o d a t e d  by using a t w o  t i e r  piggy-backed 
t r anspor t e r  sys t em as shown in Fig. 4. T h e  lower  t r anspor t e r ,  which r ema ins  ou t s ide  
of t h e  chamber ,  i s  nine inches  high and  i s  designed to allow t h e  upper  t r anspor t e r ,  test 
f i x t u r e  a n a  s p a c e c r a f t  to f l o a t  o n t o  t h e  f l a t  20’ x 30’ f loor  s ec t ion  of t h e  shroud. Both 
of t h e  t r anspor t e r s  a r e  provided wi th  a n  a i r  bear ing  movemen t  sys t em to minimize  
shock  t ransmission to  t h e  s p a c e c r a f t  and  to  allow hand movemen t  around t h e  lab. T h e  
lower  t r anspor t e r  i s  capab le  of being used as a genera l  fac i l i ty  cart when t h e  test 
f i x t u r e  i s  no t  being moved. 
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MULTIPLEXERS 

The  second key subsystem is t h e  ut i l izat ion of commerc ia l ly  ava i lab le  mul t ip lexers  
moun ted  in t h e  test f i x t u r e  f o r  use during p r e t e s t  ou t s ide  of t h e  c h a m b e r  and  during 
t h e  the rma l  vacuum te s t ing  inside t h e  chamber .  Four  H e w l e t t  Packa rd  model  No. 
3498 mult ip lexers  a r e  moun ted  within e a c h  of t h e  t w o  test f ix tu re s  as shown in Fig. 5 .  
This  concep t  was inspired by Don Glover  and  f i r s t  used by Boude Moore at McDonnell 
Douglas. T h e  mul t ip lexers  w e r e  modif ied by CBI and  ex tens ive ly  t e s t e d  successful ly  
by Don Glover  of Rockwell .  

Disassembly of t h e  mul t ip lexers  is required to remove  non-vacuum compa t ib l e  f r a m e  
mater ia l s .  T h e  mul t ip lexers  a lso requi re  a c t i v e  hea t ing  to  o p e r a t e  in t h e  80 K ,  high 
vacuum environment .  T h e  mul t ip lexers  a r e  moun ted  be tween 3/8" th ick  aluminum 
p la t e s  painted to  a c h i e v e  a n  emissivi ty  of 0.9. Each  p l a t e  i s  equipped wi th  a 120 w a t t  
ca r t r idge  h e a t e r  fo r  t h e  t h e r m a l  conditioning. These  hea te r s  a r e  designed to  be 
powered by compute r  cont ro l led ,  t i m e  proport ioning power supplies. Rockwel l  
t echnic ians  found t h a t  s imple on-off t h e r m o s t a t  cont ro l  of t h e  h e a t e r  provides 
a d e q u a t e  t e m p e r a t u r e  regulat ion so t h a t  t h e  compute r  cont ro l led  power suppl ies  c a n  
be  used fo r  o t h e r  funct ions.  Vacuum compatabi l i ty  a l so  requi res  t h a t  t h e  mul t ip lexer  
cabl ing be  supplied wi th  te f lon  insu la ted  wire. 

T h e  use of t h e  mul t ip lexers  on t h e  test f ix tu re s  a l lows Rockwel l  to in s t rumen t  and  
wire  t h e  s p a c e c r a f t  with up  to 800 data channels  prior to s p a c e c r a f t  e n t r y  i n t o  t h e  
chamber .  This  means  t h a t  wir ing and  a n  ex tens ive  pre- tes t  program c a n  be 
accompl ished  while  a n o t h e r  s p a c e c r a f t  i s  s t i l l  under  test within t h e  chamber .  T h e  only  
in s t rumen ta t ion  wir ing t h a t  mus t  be comple t ed  within t h e  chamber  i s  t h e  connec t ion  
of t w o  plug-in cab le s  to  t h e  test f i x t u r e  mul t ip lexers  f r o m  t h e  c o m p u t e r  con t ro l  a n d  
d a t a  acquis i t ion sys t em which i s  l oca t ed  outs ide  of t h e  chamber .  T h e  800 channel  
capabi l i ty  of t h e  mul t ip lexers  provides  Rockwel l  wi th  a 50% redundancy  to e n h a n c e  
rel iabi l i ty .  

Two  similar  mul t ip lexers  a r e  l o c a t e d  on  f ixed  moun t s  within t h e  vacuum chamber  f o r  
t ransmission of a l l  c h a m b e r  ins t rumenta t ion .  These  uni t s  a r e  provided t o  min imize  
wiring and  f e e d t h r u  costs and  to max imize  t h e  f lexibi l i ty  to  a l t e r  i n s t rumen ta t ion  f o r  
a n y  individual test t h a t  m a y  b e  required.  T h e s e  mul t ip lexers  are also the rma l ly  
condi t ioned to  o p e r a t e  in t h e  t h e r m a l  vacuum envi ronment .  

Rockwel l  In te rna t iona l  conduc ted  a n  ex tens ive  test program to ensu re  t h a t  t h e  
mul t ip lexers  w e r e  su i t ab le  f o r  opera t ion  ove r  t h e  e n t i r e  opera t iona l  range  of t h e  
chamber .  T h e  mul t ip lexers  w e r e  e v e n  o p e r a t e d  throughout  t h e  corona  d ischarge  
pressure  r ange  to ensu re  t h a t  t h e  uni ts  would provide a cont inuous link w i t h  t h e  
spacec ra f t .  T h e  highest  vo l t age  encoun te red  in t h e  mul t ip lexer  was  t h e  110 V power 
SUPPI Y - 
CBI supplied a ne tworked  compute r  sys t em and  s o f t w a r e  fo r  f ac i l i t y  cont ro l ,  d a t a  
acquis i t ion,  d a t a  manipulat ion and  display. This  sys t em cons is t s  of fou r  H P  1000 s e r i e s  
compute r s  including t w o  model  A600 c o m p u t e r s  and  t w o  model  A900 computers .  The  
sys t em also inc ludes  t a p e ,  hard  disk memory  s to rage ,  video cont ro l  s t a t ions  and  ha rd  
copy pr int ing and  p lo t t ing  capabi l i ty .  The  compute r  sys tem al lows s imul taneous  
con t ro l  and  d a t a  acquis i t ion f o r  t h e  c h a m b e r  and  i t s  r e l a t e d  s y s t e m s  as well  as f o r  a 
s p a c e c r a f t  under test within t h e  chamber  and  a s p a c e c r a f t  under pre- tes t  o r  post-test 
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checkout  ou ts ide  of t h e  chamber .  The  compute r  sys tem a long  wi th  t h e  mul t ip lexers  
ins ta l led  on t h e  test f ix tu re  a lmos t  comple t e ly  e l imina te s  in-chamber hook-up and  
check  o u t  of t h e  s p a c e c r a f t  envi ronmenta l  suppor t  systems.  

TEST FIXTURE THERMAL SHROUDS 

T h e  th i rd  s ign i f icant  f e a t u r e  of t h e  test f ix tu re  sys tem is  t h e  the rma l  shrouds on e a c h  
test f ix tu re  as shown in Fig. 6 .  T h e  the rma l  shrouds the rma l ly  s c r e e n  t h e  s p a c e c r a f t  
f r o m  t h e  test f i x t u r e  and  a r e  designed to thermal ly  approx ima te  t h e  opera t iona l  
cha rac t e r i s t i c s  of t h e  c h a m b e r  t h e r m a l  wall in t h e  LN2 and  GN2 modes  of opera t ion .  
These  shroud c i r cu i t s  a r e  t e m p e r a t u r e  cont ro l led  by t h e  in te rna l  u t i l i t i es  sys tem.  

T h e  use of t h e r m a l  shrouds on t h e  test f i x t u r e  e l imina te s  any  rad ia t ion  f rom warm test 
f i x t u r e  s t r u c t u r a l  e l e m e n t s  thus  minimizing t h e  t i m e  requi red  f o r  t h e  s p a c e c r a f t  to 
r e a c h  t h e r m a l  equilibrium. T h e  t h e r m a l  shrouds on t h e  test f i x t u r e  a lso e l imina te  h e a t  
loads f rom t h e  mul t ip lexers  and  the i r  heaters .  

INTERNAL UTILITIES SYSTEM 

T h e  f o u r t h  subsys tem of t h e  mobile  test f i x t u r e  sys tem is a n  in t e rna l  u t i l i t i es  sys tem.  
This  sys t em provides liquid and  gaseous ni t rogen supply and  r e t u r n  connec t ions  and  
e l ec t r i ca l  f eed th rus  f o r  fast and  convenient  hook-up. These  ut i l i ty  connec t ions  a r e  
loca t ed  in t h e  area below t h e  f l a t  t h e r m a l  wall floor. This  a r e a  below t h e  f loor  i s  a n  
idea l  locat ion because  connec t ions  can  be m a d e  to fluid manifolds  and  e l ec t r i ca l  
f eed th rus  wi thout  i n t e r f e r e n c e  f r o m  a shroud which is instal led ve ry  close to t h e  
chamber  shell. Normal  access to t h e  a r e a  below t h e  shroud f loor  i s  a ha tch  through 
t h e  floor. 

Two  fluid supply manifolds  a r e  provided within t h e  chamber  t o  thermal ly  condi t ion a l l  
auxi l iary shroud c i r cu i t s  such  as t h e  test f ix tu re  shrouds,  a decontaminat ion  p l a t e  o r  
any  t h e r m a l  t a r g e t s  which m a y  be required. O n e  manifold provides four  t a p s  fo r  LN2 
only. T h e  o t h e r  manifold provides 26  t a p s  fo r  e i t h e r  LN2  o r  h e a t e d  CN2. T h e  
t e m p e r a t u r e  of auxi l iary shroud c i r cu i t s  is compute r  cont ro l led  using a the rmocoup le  
moun ted  o n  t h e  auxi l iary panel  which o p e r a t e s  a solenoid va lve  l o c a t e d  in a d ischarge  
mani fo ld  vessel. T h e  discharge manifold vessel is instal led within t h e  chamber .  T h e  
sys t em is shown schemat i ca l ly  in  Fig. 7. 

T h e  discharge manifold vessel  i s  ins ta l led  within t h e  vacuum chamber  fo r  a number  of 
reasons. T h e  f i r s t  i s  t h a t  t h e  vessel  does  no t  requi re  the rma l  insulat ion if i t  i s  l o c a t e d  
within t h e  chamber  due  to t h e  insulat ing effect of t h e  vacuum. The  second reason is 
t h a t  only o n e  s ix  inch bayonet  t y p e  chamber  pene t r a t ion  is requi red  f o r  GN2 d ischarge  
in s t ead  of twen ty  four  K" d i a m e t e r  pene t ra t ions  t h a t  would be required f o r  individual 
c i rcui ts .  This  vessel  i s  shown in Fig. 8. 

Twen ty  four  individual c i r cu i t s  p e n e t r a t e  t h e  valve box through twe lve  C o n f l a t  t ype  
ports. T h e  c i r cu i t s  t hen  d ischarge  through Magnatrol  solenoid va lves  which a r e  loca t ed  
within t h e  d ischarge  manifold vessel. GN2 i s  then  vented  ou t  of t h e  chamber  and  
building through t h e  s ix  inch d i a m e t e r  v e n t  line. Any liquid ni t rogen ca r ryove r  i s  
a l lowed to vapor ize  within t h e  vessel. Each  individual c i r cu i t  i s  connec ted  using Cajon  
VCR f i t t ings.  T h e  Cajon  f i t t i ngs  
proved to be very  re l iab le  in high vacuum, c ryogenic  service.  The  C o n f l a t  f l anges  a r e  
provided to al low access f o r  ma in tenance  to e a c h  pair  of Magnatrol  valves. 

Individual c i r cu i t s  a r e  capped  when not  in use. 
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T h e  solenoid valves  used in t h e  d ischarge  manifold vessel  mus t  o p e r a t e  in a cryogenic  
condi t ion and  may  even  be  submerged  in  LN2  in t h e  e v e n t  of a t h e r m a l  con t ro l  fa i lure .  
CBI, t he re fo re ,  t e s t e d  t h r e e  brands of solenoid valves. T h e  tests were  conducted  at 
CBI's Plainf ie ld ,  Illinois r e sea rch  f ac i l i t y  a n d  w e r e  conduc ted  to d e t e r m i n e  which 
solenoid valve could o p e r a t e  properly if submerged  in  LN2. I t  was  found t h a t  only t h e  
Magnetrol  va lve  would per form properly under  t h e s e  conditions. 

All ins t rumentaf ion  and  e l ec t r i ca l  f eed th rus  f o r  t h e  chamber  are loca ted  in  t h r e e  
48" b pods instal led on  t h e  bot tom of t h e  chamber .  Each  of t h e  pods i s  provided w i t h  
s ix  12" b ins t rumenta t ion  ports. These  por t s  have  hinged quick opening blind f l anges  
which can  be  a d a p t e d  fo r  a lmos t  any  f eed th ru  requi rement .  T h e  design includes a ful l  
opening (48" d)  bo t tom ha tch  which al lows t h e  technic ian  to work on t h e  outs ide  or 
inside connec t ions  a t  c h e s t  level. S e e  Fig. 9. 

Compute r  cont ro l led  power supplies w e r e  provided as p a r t  of t h e  in te rna l  u t i l i t i es  
system. T h e  power supplies were  prewired  i n t o  t h e  c h a m b e r  using f eed th rus  loca t ed  in  
t h e  48" b ins t rumenta t ion  pods and  prewired i n t o  t h e  compute r  sys tem with process  
var iab le  f eedback  re turn ing  to t h e  c o m p u t e r  th rough t h e  mult iplexers .  T h e  power 
supplies consis t  of 20 au toranging  D.C. un i t s  which a r e  capab le  of 0-10 AMPS, 0-60 
vol ts  and  up  to 200 wat t s ;  40 A.C. t i m e  proport ioning uni ts  capab le  of 110 V and  40 
AMPS; as well as 18 low vol tage  D.C. units. PID and  RAMP cont ro l  i s  ava i lab le  f o r  
e a c h  of t h e  uni ts  with s imple  f i l l  in t h e  blanks t y p e  programming. 

THERMAL CONTROL OF SPACECRAFT SUPPORT RING 

T h e  f i f t h  subsystem cons is t s  of a c t i v e  the rma l  con t ro l  f o r  t h e  s p a c e c r a f t  suppor t  r ing 
of t h e  test f ix ture .  See Fig. 10. The t e m p e r a t u r e  of t h e  suppor t  ring i s  cont ro l led  to  
minimize  conduct ive  h e a t  t r ans fe r  be tween  t h e  s p a c e c r a f t  and  suppor t  r ing t h u s  
s imula t ing  a f r e e  f lying spacec ra f t .  

The rma l  cont ro l  of t h e  suppor t  r ing i s  provided by mul t ip le  50 w a t t  ca r t r idge  h e a t e r s  
a t t a c h e d  to t h e  suppor t  ring. T h e  c a r t r i d g e  h e a t e r s  are compute r  cont ro l led  using a 
d i f fe ren t ia l  t e m p e r a t u r e  type  thermocouple  c i r cu i t  which i s  a t t a c h e d  to t h e  suppor t  
r ing a n d  t h e  spacec ra f t .  Any t e m p e r a t u r e  d i f f e rence  be tween  t h e  suppor t  r ing and  t h e  
s p a c e c r a f t  a c t i v a t e s  t h e  hea ters .  Act ive  cool ing of t h e  suppor t  r ing is not  requi red  
because of t h e  test c y c l e  p a r a m e t e r s  a n d  t h e  t h e r m a l  condi t ions within t h e  spacec ra f t .  

CONCLUSION 

In t h e  past, t h e  major i ty  of t he rma l  vacuum fac i l i t i es  have  been  cons t ruc t ed  wi th  
l i t t l e  regard  to test turn  a round t ime.  However ,  c lose  cons idera t ion  to  t h e  
requi rements  of product ion l i ne  type  t e s t ing  as exhib i ted  by Rockwel l  In te rna t iona l  has  
a l lowed CBI to  design a f ac i l i t y  w i th  many  innovat ive  f ea tu res ,  expressly designed f o r  
rap id  tu rn  around. 
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Figure 1 .  Facility overview 
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Figure 2. Test fixture 
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Figure 3.  Truncated chamber door 
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Figure 9. Instrumentation pods 
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Figure 10. Space craft support ring 
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